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This is an exciting moment for the field of epigenetics. The idea that epigenetic changes could serve as biomarkers of disease detection, prognosis, and treatment response has been recently boosted in many health-related fields, including neuropsychiatry. Epigenetic mechanisms have traditionally been defined as molecular processes associated with cell lineage specification, particularly during early development. In recent decades, this definition has expanded with the recognition that a variety of these processes are also dynamic and can integrate intrinsic and extrinsic signals into the genome, which in turn facilitates an organism's adaptation to its environment through sustained changes in gene expression. Epigenetic mechanisms, including the repertoire of DNA, histone and chromatin modifications, as well as the role of non-coding RNAs and DNA/RNA editing, might be rapid and longlasting, providing fine-tuned regulation of experienceinduced gene expression.
Our understanding of the role of these mechanisms in mental disorders and brain processes has increased considerably over the last two decades. Evidence has begun to emerge from pre-clinical models that exposure to learning events and adverse environments could regulate transcription of well-known genes implicated in neuroplasticity (e.g., BDNF) and stress response (e.g., NR3C1) in the brain. 1 In the era of genome-wide association, epigenome-wide studies have been revealing new candidate loci involved in the molecular signature of psychiatric disorders and individual differences in clinical samples, which has added another layer of complexity to genetic findings.
DNA methylation is the most widely studied epigenetic mechanism. This DNA modification is found in cytosine residues predominantly in the CpG dinucleotide, and its presence has been correlated with both gene silencing and activation, depending on where it accumulates on the genome (e.g. promoter vs. gene body). Genome-wide DNA methylation changes in peripheral blood have already been associated with psychiatric conditions, including attention-deficit/hyperactivity disorder, schizophrenia, and mood and anxiety disorders, but very few studies have explored them in individuals with substance use disorders. The first studies were conducted in individuals with tobacco 2 or alcohol substance disorder 3 but, specifically regarding cocaine, evidence was limited to a single study that explored the state of peripheral DNA methylation in polysubstance abusers. 4 A recent study published in this journal, 5 however, has identified 186 differentially methylated positions between patients with cocaine use disorder (CUD) and healthy controls using bisulfiteconverted DNA and genome-wide arrays. In this first epigenome-wide association study with CUD patients, the authors used a gene network approach among differentially methylated genes, revealing a pathway affected by CUD and implicated in gene transcription and chromatin regulation. The authors are correct, however, in advising caution in the interpretation of their promising results before they can be replicated in studies with larger samples sizes that include both sexes, especially in association with other relevant clinical variables.
Thus, the contribution of epigenetic studies to the field of neuropsychiatry is exceptionally encouraging. Evidence suggests that at least part of the differentially methylated CpGs detected in the blood of psychiatric patients correlates with postmortem brain methylation levels, strengthening the idea of peripheral DNA methylation as a brain proxy and its use as a useful biomarker. In addition, DNA methylation changes at specific CpGs have also been suggested as powerful biomarkers of aging among patients with mood disorders, which emphasizes the importance of such epigenetic mechanisms in other endophenotypes of relevance for neuropsychiatry.
Our understanding of the complexity of epigenetic research is rapidly increasing with the discovery of new epigenetic markers and the increasing use of deepsequencing techniques and cell-type specific investigations. In this era of ''omics'', epigenetic investigations have the potential to reveal more and more of the complex molecular signatures of psychiatric disorders. As this happens, special attention should be given to the translation of such discoveries to clinical practice, with the aim of improving patient diagnosis, treatment and prognosis.
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